Introduction: Frozen shoulder is a common condition that affects the working population. Current management regimes are variable nationwide and the evidence base on which to base these decisions is poor. The longevity and severity of symptoms often result in great economic burden, both to health services and in terms of absence from work. Early surgical intervention with arthroscopic capsular release may result in improved symptoms and earlier return to both work and leisure activities. Aims: The aim of our prospective cohort study was to investigate whether early intervention with arthroscopic capsular release resulted in improvement of symptoms and whether this would in turn provide overall economic benefit to society. Methods: Patients diagnosed with frozen shoulder at an elective orthopaedic specialist shoulder clinic were recruited prospectively. Data were gathered by way of questionnaire to ascertain the demographic information of the patient as well as their previous treatment in the primary care setting and absence from work. Initial Oxford Shoulder Score (OSS) was also calculated: Arthroscopic capsular release was then performed and further data gathered at four-week post-operative follow-up. Economic impact of delay to treatment and cost of intervention were calculated using government data from the national tariff which cost different forms of treatment. Statistical analysis was then performed on the results. Results: Twenty five patients were recruited. Mean results were: Age of patients: 53.5 years, duration of symptoms prior to intervention: 35.2 weeks, days absent from work: 31.5, number of previous physiotherapy sessions: 7.2, number of steroid injections: 1.3. Mean pre-operative OSS was 37.4 (range 27 -58, SD 7.4). Mean post-operative OSS was 15.9 (range 12 -22, SD 2.3), P < 0.01. Mean improvement in OSS was 21.5 (range 12 -38, SD 7.1). The cost of non-operative treatment per patient including absence from work to the point of surgical intervention was £3954. The overall cost of arthroscopic capsular release per patient was £1861, a difference of £2093. There were no surgical complications. Conclusion: Arthroscopic capsular release improved shoulder function on OSS within four weeks. This is significantly shorter than the natural history of frozen shoulder. The overall cost of arthroscopic capsular release is significantly less than the cost of treating the patients non-operatively up to the point of surgical intervention. Early surgical intervention may improve symptoms quickly and reduce economic burden of the disease. A randomised controlled trial comparing early with late intervention would further elucidate potential benefits.
Introduction
Frozen Shoulder is a common condition that chiefly affects the working population [1] . Its prevalence is estimated to be 2% -5% [2] . First described by Codman in 1934 [3] , the overarching thoughts regarding its aetiology and management were that it was a self limiting condition, the natural history of which could not be altered [4] . Patients were-and still are-advised to endure up to two years of pain and stiffness at the glenohumeral joint with little or no intervention. Theoretically, they were to return to their pre-morbid state after a period of disability.
The aim of our prospective cohort study was to investigate whether early operative intervention, by way of arthroscopic capsular release, resulted in improvement of symptoms and whether this would in turn provide overall economic benefit to the health service and society.
This was also a pilot study to inform us of the viability of proceeding to a randomised controlled study comparing early with delayed surgical intervention.
The theory of spontaneous resolution was re-evaluated following the scientific and clinical work of Bunker et al., which likened Frozen Shoulder to Dupytren's Contracture in its pathology, with fibroblasts responsible for a thickening and contracture of the shoulder capsule [5] . His work, along with that of others, including Etoi et al., purported that patients would slowly improve if managed non-operatively, but that rather than making a full recovery, most would have a significant degree of residual dysfunction with or without pain [6, 7] . Since this research some has advocated early surgical intervention.
Despite this work, there remains a dearth of high quality research investigating different treatment modalities, particularly randomised controlled trials comparing forms of intervention and no work on the optimum timing of surgical intervention.
Materials and Methods
Patients diagnosed with primary frozen shoulder at an elective orthopaedic specialist shoulder clinic were recruited prospectively. Inclusion criteria were defined as:  Decreased movement at glenohumeral joint in all planes-especially external rotation  Patient aged between 18 and 65 years (working age)  Symptoms for at least four weeks  First event Exclusion criteria were defined as:  Significant history of trauma  Previous cerebrovascular accident  Neurological disease Data was gathered by way of questionnaire to ascertain the demographic information of the patient as well as their previous treatment in the primary care setting. Absence from work was also recorded. Pre-operative Oxford Shoulder Score (OSS) was assessed.
Arthroscopic capsular release was then performed and further data gathered at four week post-operative followup. Economic impact of delay to treatment and cost of intervention was calculated using government data from the national tariff which costs different types of treatment. Statistical analysis was then performed on the results with Mann Whitney U test used to calculate significance of change in OSS.
Results
Twenty five patients were recruited-14 female and 11 male. Information gathered at initial consultation showed mean age of patients to be 53.47 years with a length of symptoms stretching to an average of eight months (35.16 weeks). All patients had had physiotherapy sessions with an average of 7.15 sessions per patient. All patients had also had intra-articular steroid injection but with a much lower mean of 1.29 injections per patient. All patients had been absent from work, except one patient who did not work. At four week post-operative follow-up 23 of 24 (95.8%) patients who were employed had returned to their place of work. Mean number of days absent was 31.53 based on a five day working week. This correlates to just over six weeks absence.
OSS data was gathered pre-operatively and postoperatively with change in score calculated for each patient ( Table 1) . All patients experienced a good reduction in OSS where 60 is the worst score and 12 the best. The lowest change was 12, the highest 38, with a mean change of 21.48 (SD 7.12). This was statistically significant with P value < 0.01. Post-operative scores were taken four weeks after surgery.
Total Cost of non-operative treatment to the point of surgical intervention was calculated. All non-operative interventions are costed in the NHS tariff for Scotland therefore giving a nominal cost for each physiotherapy session and steroid injection [8] . Government data also supplies the mean cost of one day of absence from work [9] . A mean overall non-operative cost was then calculated using this economic data and the data gathered in Table 2 . This was compared with the cost of surgery as per the national tariff [10] . There was a significant difference in these costs with operative surgery being on average £2093.17 cheaper as displayed in Tables 3 and 4 .
There were no surgical complications recorded in any of the twenty five patients. All were treated on a day-case basis. 
Discussion
It is clear that from the results that surgical intervention by way of arthroscopic capsular release is effective at improving shoulder function in patients with primary frozen shoulder as early as four weeks post-operatively. The change in OSS was statistically significant. The safety of this procedure is also shown favourably with there being no surgical complications. The impact of surgery in the patients, many of whom have had severe, debilitating symptoms for many months with long absences from work is significant for individual health, as well as having benefits for the health of the population. Surgical intervention is less costly to the NHS, but also to the wider economy, as enabling people to return to work saves costs on sick leave and improves productivity.
Furthermore, a consequence of the current lack of evidence regarding both the most effective management of frozen shoulder as well as the optimal timing of surgical intervention is that management strategies vary widely between and within Orthopaedics and specialist shoulder units throughout the country. Patients are treated based on where they reside and the anecdotal preference of their consultant, rather than on reliable, evidence based surgery.
The burden of disease from frozen shoulder is not insubstantial. That most patients are of working age compounds this. Often patients remain absent from work for many months with an obvious economic, social and psychological cost. Most patients who have surgical intervention have already been symptomatic for many months, with several failed non-operative treatments [11] .
The weaknesses of our study are the lack of a control and the small sample size. The need for a larger randomised controlled trial comparing early with delayed surgical intervention is clear. This would require longer term follow-up and a more robust economic analysis. Further studies could compare the effectiveness of different surgical treatment modalities-for example-capsular release, manipulation under anaesthetic and hydrodilatation.
Conclusion
Early surgical intervention for frozen shoulder by way of arthroscopic capsular release appears to work well and rapidly. Patients with frozen shoulder may return to work and have leisure activities sooner if more are offered in early surgery. The morbidity associated with the surgery appears low. Further research-ideally a randomised controlled trial-is required to ascertain the significance of these early results in a larger cohort with longer follow-up and against a controlled population.
